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EHHQSRXUHGRQFOLPDWHFKDQJHDQGFDUERQHPLVVLRQVUHGXFWLRQ$V WKHZRUOG
V ODUJHVW HFRQRPLFSRZHU
DQGSHU FDSLWD FDUERQ HPLVVLRQV FRXQWU\ WKH8QLWHG6WDWHV VKRXOGHUV D GHVHUYHG KHDY\GXW\ LQ FRSLQJ
ZLWKWKHSKHQRPHQDOLVVXHRIFOLPDWHFKDQJH
/LWHUDWXUH5HYLHZ
1RZ WKHUH DUH D ORW RI UHVHDUFKHV RQ FDUERQ GLR[LGH HPLVVLRQV LQ PDQ\ FRXQWULHV /LQ 6 - HW DO
H[SORUHG WKH LQWHUUHODWLRQVKLSV DPRQJ HFRQRP\ HQHUJ\ DQG&2 HPLVVLRQV RI  LQGXVWULDO VHFWRUV LQ
7DLZDQZKLFKLVLQVLJKWIXOIRUVXVWDLQDEOHGHYHORSPHQWSROLF\PDNLQJ>@6KXZHQ1LXHWDOHYDOXDWHG
WKH FDXVDOLW\ EHWZHHQ HQHUJ\ FRQVXPSWLRQ *'3 JURZWK DQG FDUERQ HPLVVLRQV IRU HLJKW $VLD3DFLILF
FRXQWULHV IURP WRE\ XVLQJ WKHSDQHO GDWD7KH UHVHDUFKHV DURXVHGRXU DWWHQWLRQ WRERWK WKH
VWDWXVTXR DQG WKHSRWHQWLDO SUREOHPVRI WKH&2 HPLVVLRQV LQ&KLQD >@<RXJXR=KDQJ FDUULHGRXW D
VWUXFWXUDOGHFRPSRVLWLRQDQDO\VLV 6'$RISURGXFWLRQUHODWHGFDUERQHPLVVLRQV LQ&KLQDIURP WR
E\DGRSWLQJWKH*KRVKLQSXWRXWSXWPRGHO7KHUHVXOWVVXJJHVWRSWLPL]LQJWKHVXSSO\VLGHVWUXFWXUH
DQGORZHULQJWKHIRUZDUGFDUERQPXOWLSOLHUVWRFRQWUROFDUERQHPLVVLRQVLQWKHIXWXUH>@&KULV37VRNRV
DQG <RQJ ;X IRUHFDVW DQG DQDO\]H VRPH FDUERQ GLR[LGH HPLVVLRQV DQG WRWDO FDUERQ HPLVVLRQV RI WKH
8QLWHG6WDWHVE\WKHG\QDPLFHYROXWLRQDU\PRGHOZLWKVL[YDULDEOHV>@0LFKDHO'DOWRQHWDOLQFRUSRUDWH





ZLWK D OLIH F\FOH SHUVSHFWLYH WR HVWLPDWH ERWK WKH GLUHFW &2 HPLVVLRQV IURP IXHO FRPEXVWLRQ DQG WKH
LQGLUHFWHPLVVLRQVIURPWKHSURGXFWLRQDQGSURYLVLRQRIUXUDOHQHUJ\FDUULHUV7KHUHVXOWVLQGLFDWHWKDWWKH
WRWDO GLUHFW&2 HPLVVLRQV UHVXOWLQJ IURP UXUDO HQHUJ\ FRQVXPSWLRQ KDYHQHDUO\ WULSOHGZKLFKSURYLGH
VXEVWDQWLDO LQIRUPDWLRQIRUSROLF\PDNHUV>@6KLZHL<XHWDOSURSRVHD362±)&0±6KDSOH\DSSURDFK






RI WKH VRFLDO FDUERQHPLVVLRQV WKHH[LVWLQJKLVWRULFDOGDWDKDVEHHQHPSOR\HG WREXLOGPRGHO VLPXODWH
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:KHUH W LV WKH WLPH W< UHSUHVHQWV FDUERQ HPLVVLRQV LQ WKH WLPH W  , UHSUHVHQWV HFRQRPLF SHULRG
ZKLFK LV WKH WLPH UDQJH RI WKH VWXGLHG HFRQRPLF V\VWHP U LV FDUERQ UHGXFWLRQ FRHIILFLHQW GXULQJ WKH
HFRQRPLF SHULRG ,  . LV UHODWHG WR WKH HFRQRPLF SHULRG , ZKLFK LV WKH ODUJHVW HVWLPDWRU RI FDUERQ
HPLVVLRQV GXULQJ WKH HFRQRPLF SHULRG , GLIIHUHQW HFRQRPLF SHULRG .  . >  F LV WKH HYROXWLRQDU\
FRHIILFLHQW RI FDUERQ HPLVVLRQV F > α LV WKH FRQWURO LQGH[ RI FDUERQ HPLVVLRQV ≥α   I W LV D
FRQWURO IXQFWLRQ ZKLFK ZH KDYH EHHQ GHWHUPLQH WKURXJK WKH FKDUDFWHULVWLFV RI WKH H[LVWLQJ HFRQRPLF
FRQGLWLRQV3DUDPHWHUV F DQG U DUHDGMXVWHG DVFRQWUROSDUDPHWHUV WRJHW WKHQHZHYROXWLRQDU\G\QDPLF
V\VWHP 7KLV V\VWHP LV D GLUHFW FDUERQ HPLVVLRQV DQG WKH RYHUDOO WUHQG DQDO\VLV RI FDUERQ HPLVVLRQV
(FRQRP\SROLF\ UHJXODWLRQ DQGRWKHUVDVFRPSUHKHQVLYH IDFWRUVDUHDFFRPSOLVKHG WKURXJK WKHFRQWURO
























HYROXWLRQDU\ FRHIILFLHQW F DQG FDUERQ UHGXFWLRQ FRHIILFLHQW U  FRQWUROOLQJ WKH FRQWURO LQGH[α RI FDUERQ
HPLVVLRQVDQGWKHFRQWUROIXQFWLRQ  I W IRUWKHHYROXWLRQDU\WUHQGRIFDUERQHPLVVLRQV%\WKHV\PERORI
WKH HYROXWLRQDU\ IDFWRUV¶ DGYDQFH UDWH RI FDUERQ HPLVVLRQV LV HDV\ WR JHW WKH FKDUDFWHU RI WKH FXUYH RI





FDUERQ HPLVVLRQV IURP WKH FRQVXPSWLRQ DQGEXUQLQJRI IRVVLO IXHOV LQ WKH8QLWHG6WDWHV GXULQJ
FDQEHREWDLQHG$FFRUGLQJWRWKH86HQHUJ\LQIRUPDWLRQDGPLQLVWUDWLRQWKHFDUERQHPLVVLRQVRI
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+HUH 7 LV WKH FULWLFDO WLPH RI $PHULFDQ FDUERQ HPLVVLRQV GXULQJ  { }"  777 =  7 LV
VHOHFWHG DFFRUGLQJ WR WKH HYROXWLRQDU\ VLWXDWLRQ RI WKH FUXGH RLO SULFH SHDN U LV FDUERQ UHGXFWLRQ
FRHIILFLHQW F LVWKHHYROXWLRQDU\FRHIILFLHQWRIFDUERQHPLVVLRQV F > α LVWKHFRQWUROLQGH[ ≥α  (. LV
WKHELJJHVWHVWLPDWRURI WKH8QLWHG6WDWHV¶FDUERQHPLVVLRQVEHIRUH\HDUV =(. PLOOLRQPHWULF
WRQV
























WKH GHWHUPLQDWLRQ RI WKH WLPH UDQJH RI , FDQ EH FRQVLGHUHG DV IROORZV DFFRUGLQJ WR WKH UHSRUW RI WKH86
HQYLURQPHQWDOWKLQNWDQNIXWXUHUHVRXUFHVLQWKH8QLWHG6WDWHVLVJUDGXDOO\DFFRPSOLVKLQJWKHUHVHUYHG
HPLVVLRQV UHGXFWLRQ WDUJHW 'XH WR KLJKRLO SULFHV RLO FRQVXPSWLRQ LV LQ WKH IDOO+LJKRLO SULFHV DIIHFW WKH
















WUHQG RYHUDOO DQG FDUERQ HPLVVLRQV VKRZ D WUHQG RI GHFUHDVH DSSUR[LPDWHO\ %DVHG RQ WKH HYROXWLRQDU\
VLWXDWLRQ RI WKH ZRUOG RLO SULFH SHDN FKDQJH LQWHUYDOV RI FDUERQ HPLVVLRQV FDQ EH GLYLGHG DFFRUGLQJO\
$FFRUGLQJWRWKHKLVWRU\RILQWHUQDWLRQDORLOSULFHIOXFWXDWLRQV>@7KHILUVWVWDJHWKHVHFRQG
VWDJH  WKH WKLUG VWDJH  WKH IRXUWK VWDJH  DQG ILIWK VWDJH  
SUHVHQW DQG WKH H[LVWLQJ GDWD WKH SHDN WLPH RI WKH  ZRUOG FUXGH RLO SULFHV LQ  FDQ DOVR EH
2464   Gu Xiaomeng et al. /  Energy Procedia  75 ( 2015 )  2460 – 2465 
REWDLQHGUHVSHFWLYHO\IURP)LJDQG6RPHUHVXOWVDERXWWKHFULWLFDO WLPHDUHDVWKH
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 7( LVWKHFDUERQHPLVVLRQVRI 7 
'\QDPLFHYROXWLRQDU\DQDO\VLV
)URPWKHILJXUHDERYH WKHJUHDWHUYDOXHRI WKHWLPH W  WKHFRUUHVSRQGLQJIXQFWLRQFXUYHLVVWHHSHU
1DPHO\ WKHJUHDWHUYDOXHRI WKH WLPH W WKHXQGHU WKH VDPHYDOXHRIα  WKHFRUUHVSRQGLQJYDOXHRI WKH
IXQFWLRQ  αˈWI LV JUHDWHU 7KDW LV ZLWK WKH LQFUHDVH RI WLPH W  WKH FRQWURO RI WKH IXQFWLRQ
 αˈWI WRFDUERQHPLVVLRQV W( LVDOVRUHODWLYHO\LQFUHDVLQJ)URPWKHLPDJHWKHUHDUHDOVRFDQVHHQ
DVWKHIROORZLQJWKHJUHDWHUYDOXHRIIL[HGWLPH W WKHLQWHUFHSWRIWKHLPDJHFXUYHRQWKHKRUL]RQWDOD[LV
LVPRUHDSSURDFKLQJWRDQGWKHFXUYHRIWKHIXQFWLRQ  αˈWI WHQGVWREHVWDEOHIDVW,QFRQFOXVLRQ
DV WKH WLPH W LQFUHDVHVXQGHU WKHVDPHYDOXHRI WKH IDFWRUα  WKHFRQWURORI WKH IXQFWLRQ  αˈWI WR
FDUERQHPLVVLRQV W( LVDOVRUHODWLYHO\LQFUHDVLQJDQGLQWKHVDPHZD\WKHVSHHGRIWKHFRQWUROUHDFKLQJ
VWHDG\ VWDWH LV UHODWLYHO\DFFHOHUDWHGQDPHO\ WKHJUHDWHUYDOXHRI WKH WLPH W WKHYDOXHRI WKH IDFWRUα 
ZLOOEHUHODWLYHO\UHGXFHGZKLFKPDNHVWKHFRQWUROVWHDG\7KDWLVWRVD\LQWKHFDVHRIWLPHLQFUHDVLQJ
WKHFRQWURORI WKHFRQWURO IXQFWLRQWRFDUERQHPLVVLRQVLVHDVLHU WRUHDFKDVWDEOHVWDWH6R WKHG\QDPLF
HYROXWLRQDU\IDFWRURIFDUERQHPLVVLRQVLVDVIROORZVILJ,WVKRZVWKDWWKHFDUERQHPLVVLRQFXUYHLV





DQG  LV WKH TXLFNO\ LQFUHDVLQJ SKDVH RI FDUERQ HPLVVLRQV WKH SHULRG EHWZHHQ  DQG  LV
VORZO\GHFUHDVLQJSKDVHRIFDUERQHPLVVLRQVWKHG\QDPLFHYROXWLRQDU\IDFWRURIFDUERQHPLVVLRQV  () W 
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(YDOXDWLRQRIWKHPRGHO
$FFRUGLQJWRWKHUHVLGXDODQDO\VLVRIWKHPRGHO6RPHUHVXOWVFDQEHVHHQDERYHIURPWKHDQDO\VLV




JURZWK RYHUDOO 7KLV PHDQV WKDW WR DFKLHYH FDUERQ UHGXFWLRQ WDUJHWV RI WKH 8QLWHG 6WDWHV HQHUJ\
FRQVHUYDWLRQ DQG HPLVVLRQV UHGXFWLRQ VWUDWHJLHV DQG SROLFLHV ZKLFK DFFRUGV ZLWK WKH VLWXDWLRQ RI WKH
8QLWHG6WDWHVPXVWEHWDNHQE\VWUHQJWKHQLQJWKHHIILFLHQF\DQGVKDOHJDVDQGFRQWUROOLQJFRDOXVH
VXJJHVWLRQV
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